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INTRODUCTION. 


rTT'  H  E  extenflve  influence  of 
1  Water  on  the  health  of 

mankind  will,  it  is  hoped, 
appear  fufficiently  evident  from  the 
following  Eflay.  The  author  pro- 
pofed  to  have  enlarged  the  fubje£l  of 
it,  by  enquiring  into  the  effects  of 
hard  and  foft  water  on  a  variety  of 
the  common  arts  of  life,  fuch  as 
Brewing,  Malting,  Dying,  Bleaching, 
Tanning,  &c.  &c.  But  he  found  the 

O  1 

fubj e<5t  too  copious,  to  be  reduced 
within  the  bounds  which  he  had  pre- 
fcribed  to  himfelf ;  and  that  the  pro- 
fecudon  of  it,  would  too  much  ab- 
ftract  his  attention  from  thofe  fa¬ 
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h 

vounte  ftudies,  which  more  imme¬ 
diately  belong  to  his  profellion. 

This  Eflay  was  intended  only  to 
be  communicated  to  the  Royal  So- 
c !  e  t  y  ;  And  many  of  the  expert- 
incuts  contained  in  it?  have  been 
read  before  that  learned  body.  But 
the  importance  of  the  fubjedt,  and 
a  delire  of  rendering  his  little  work 
more  diffusely  ufeful,  hath  induced 
the  author  to  publilh  it.  And  he 
flatters  himfelf,  that  he  fhall  at  leaft 
bejuftified  by  the  motives,  if  not  by 
the  fuccefs  of  his  undertaking 

O 

Manchefter, 

Nov.  i,  1768. 


EXPERI- 


EXPERIMENTS 


AND 

OBSERVATIONS 

ON 

W  A  T  E  R. 

SECTION  I. 

IT  is  a  maxim  of  the  divine  Hippo¬ 
crates,  that  whoever  would  apply 
with  fuccefs  to  the  ftudy  of  phy- 
fick,  fhould  acquaint  himfelf  with 
every  circumftance  relating  to  the  flot¬ 
ation  of  the  place  wherein  he  pradlifes, 
the  nature  of  the  feafons,  the  influence 
of  the  winds,  and  the  particular  quali¬ 
ties  of  the  water.  The  laft  objedl  is 
by  far  the  moft  important ;  becaufe  as 
a  fixed  and  permanent  caufe,  its  ef¬ 
fects  will  be  regular,  uniform,  and 

B  conflant. 
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conftant.  For  whether  the  Ample  ele¬ 
ment  itfelf  be  ufed,  or  it  be  mixed 
with  vinous  liquors,  or  brewed  into 
beer,  it  will  Hill  retain  in  fome  mea- 
fure  its  peculiar  properties,  and  if  im¬ 
pure,  will  gradually  produce  fome 
morbid  changes  in  the  body.  On  the 
robuft  indeed,  its  action  may  per¬ 
haps  be  flow,  and  imperceptible;  but 
the  tender  and  valetudinary  will  find 
themfelves  fooner  and  more  fenfibly 
affe&ed  by  it.  Many  of  the  difeafes  of 
children,  it  is  more  than  probable, 
owe  their  rife  to  this  necefiary  diluent 
and  vehicle  of  their  food.  And  if  we 
confider  that  numberlefs  chronic  dif- 
orders,  have  their  foundation  laid  in 
the  ftate  of  infancy  and  childhood,  the 
influence  of  water  on  the  health  of 
mankind,  will  appear  to  be  very  ex¬ 
tend  ve,  and  deferving  of  our  ftrifteft 
attention  and  regard.  It  would  be  no 
difficult  matter  to  prove,  that  a  con- 
fiderable  number  of  thofe  diftempers, 

which 
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which  from  their  being  peculiar  to 
certain  people  and  places,  are  termed 
endemic,  are  chiefly  the  effects  of  this 
powerful  and  adtive  caufe.  Thus  the 
inhabitants  of  the  Alps,  the  Pyrenees, 
and  of  many  other  mountainous  coun¬ 
tries,  are  fubjeft  to  a  monftrous  ex¬ 
ternal  fwelling  of  the  glands  of  the 
neck,  owing  as  it  is  univerfally  ac¬ 
knowledged,  to  the  peculiar  proper¬ 
ties  of  the  water  they  drink  (a).  “  As 

you  advance  towards  Mount  Cenis, 
fays  Mr.  Sharp,  in  his  excellent  Letters 
from  Italy,  you  find  very  few  exempt 
from  thefe  tumours,  which  are  fo 
enormous,  and  of  fo  loathfome  an  ap¬ 
pearance,  efpecially  in  ugly,  ragged, 
half-ftarved  old  women,  that  the  very 
fight  of  them  turns  the  ftomach.  I 
was  curious  in  my  examination,  whe¬ 
ther  any  children  are  born  with  this 

m 

malady  upon  them :  I  was  informed, 

B  2  that 

(a)  Quit  tuwidum  guitur  viiratur  in  Alfilus  ? 

Juvenal.  Sat.  13* 
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that  there  is  no  fuch  inftance;  and 
even  that  the  fwelling  never  begins  to 
form  ’till  towards  two  years  of  age ; 

.  fome  examples  of  which  I  myfelf 
faw  (b).  Nor  is  this  diftemper  pecu¬ 
liar  to  the  natives  of  thofe  countries ; 
for  Grangers  become  alfefted  with  it, 
after  refid ing  there  a  few  years  (c). 
And  fuch  is  the  influence  of  cuftom  on 
the  common  people,  that  they  regard 
this  blemifh  as  a  beauty,  and  even  ri¬ 
dicule  thofe  who  are  deftitute  of  it. 
The  inhabitants  of  the  village  of  Stein- 
fefFein,  in  the  diftrid  of  Schmiderberg, 
are  faid  to  have  freed  themfelves  from 
this  malady,  by  abftaining  from  cer¬ 
tain  fountains,  which  were  obferved 
to  produce  it  (d).  In  two  cities  of  Her- 
cynia,  Wildeman,  and  Andrealberg, 
which  are  built  upon  a  large  bed  of 
minerals,  fcarcely  a  woman  is  to  be 

found, 

(b)  Sharp’s  Letters,  p.  298. 

(c)  Hoffman.  Op.  Tom.  6.  p.  202, 

(d)  Id.  p.  203.. 
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found,  who  does  not  labour  under 
ftrumous  fwellings  of  the  throat,  oc- 
cafioned  it  is  juftly  fuppofed,  by  the 
conftant  ufe  of  hard,  metallic,  and  cal¬ 
careous  water  (e).  The  men  too,  in 
all  probability,  are  not  exempt  from 
them ;  but  as  the  female  part  of  our 
fpecies  have  more  delicate  conftitu- 
tions,  and  efpecially  a  much  greater 
degree  of  laxity  in  their  glandular  fy- 
ftems  than  we  have,  the  fame  caufes 
which  but  Rightly  affecT  the  one  fex, 
may  prove  highly  injurious  to  the 
other.  The  people  of  Siberia,  who 
live  near  the  river  Kirenga,  which  is 
remarkable  for  its  impurity,  are  ai- 
moftuniverfally  affecTed  with  fcrophu- 
lous  diforders ;  and  ftrumous  fwellings 
are  common,  even  amongft  the  cattle 
of  that  country  (f). 

Hi  ppg- 

(e)  Hoffman.  Op.  Tom.  6.  p.  203. 

(f)  Comment.  Lips.  Tom.  2.  p.  103. 
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Hippocrates  afierts  that  hard  wa¬ 
ters,  which  are  unfit  for  boiling,  dry 
and  aftringe  the  belly ;  and  that  fuch 
as  are  ftagnant  and  ill-fcented,  injure 
both  the  belly  and  fpleen  (g).  In 
confirmation  of  this,  it  may  be  ob- 
ferved,  that  in  Minorca,  where  the 
water  which  the  fprings  and  rivulets 
afford,  is  often  brackifh,  and  always 
hard,  obftru<5tions,  indurations,  and 
fwellings  of  the  abdominal  vifcera, 
together  with  flatulency  and  indigefli- 
on,  are  the  moll  common  difeafes  to 
which  the  inhabitants  are  fubject.  And 
it  is  remarkable,  that  large  fpleens 
and  tumefied  livers  are  not  peculiar 
there  to  the  human  fpecies,  but  are 
incident  alfo  to  brutes ;  efpecially  to 
the  fheep,  which  feed  on  the  eaflern 
fide  of  the  ifland,  where  the  waters 
are  particularly  brackifh  (h). 

Pliny 

(g)  Hippoc.  de  Aere ,  Aquis  et  Locis. 

(h)  Vid.  Cleghorn  on  the  Dif.  of  Minorca. 
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Pliny  mentions  a  fountain  in  iE- 
fhiopia,  about  which  a  large  quantity 
of  native  cinnabar  was  found,  and 
which  produced  its  deleterious  effects 
chiefly  on  the  brain  (i).  And  Athe- 
nseus  fpeaks  of  a  fpring  in  Paphlago- 
nia,  to  which  the  inhabitants  of  the 
country  frequently  referred,  which  had 
an  inebriating  quality.  Ovid  poetical¬ 
ly  defcribes  fuch  waters  in  the  fol¬ 
lowing  lines. 

Cni  non  audita  eft  ohftcence  Salmacis  unda, 
JElhiopeftque  lacus  ?  quos  ft  quis  jaucibus  hauftt9 
Aut  furity  aut  palitur  mirum  gravitate  fto - 
porem . 

Metamorph .  lib.  15,  317.  321* 

The  Flic  a  P  clonic  a,  a  Angular  difeafe 
to  which  the  inhabitants  of  Poland 
and  Lithuania  are  fubjedt,  and  which 
conflfts  in  a  preternatural  enlargement 

and 


(i)  Plin.  Plift.  lib.  31.  c.  2> 
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and  convolution  of  the  hair,  is  in  part 
afcribed  by  a  very  celebrated  writer, 
to  the  ufe  of  impure  water.  Morbi  hu - 
jus  caufa  valde  perplexa  &  dijficihs  videtur ,  ni- 
hilominus  earn ,  quantum  fieri  potent ,  in- 
dagare  allaborabimus *  Primo  multum  for- 
didum  vita  genus  confer t,  cui  hi  populi  ad- 
didh  [uni,  dum  raro  crines  peclunt  in  humi- 
ais  et  deprefiis  locis  dormiunt 9  et  fpiritum  vini 
liber alijjime  ingurgitant .  Suum  quoque  fym- 
bolum  aquae  contribuunt ;  hinc  non  male  Gehe- 
ma  in  Rpiflola  ad  Bontekoe,  de  Plica  Polonica 
pag.  i  o,  J entity  hcerere  vitium  in  nonnullis 
Polo  nice  aquis$  &c. 

- - — *  Nos  fupponimus  quod  dam  vitium 

hcer edit ar hum ,  quod  in  nimia  pororum  et  bul - 
borum  capillorum  fab  cute  in  capite  confifiit  | 
unde  fiuccus  nutntius,  crajfus ,  et  glutinofius , 
prava  dicetd  ex  crudis  aquis  produdlus , 
calors ?  quern  potus  fipiritus  vini  conciliate  ur¬ 
ge  tur  ad  tubulos  capillorum ,  ex  quorum  ports 
exjudat,  et  monjir  oj am  illatn  mtricationem  efi- 

ficit 
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ficit  (k). — This  fuppofition  of  the  learn¬ 
ed  Hoffman  is  confirmed  by  the  fol¬ 
lowing  aphorifm  of  SamStorius.  Heavy 
water  and  a  foggy  air,  convert  the  mat¬ 
ter  of  perfpiration  into  an  ichor,  which 

when  retained  in  the  body,  induces  a 
cachexy  (1). 

Hr.  Mead  in  the  firft  edition  of  his 
Effay  on  Poifons,  relates  the  cafe  of  a 
lady,  whofe  life  was  formerly  imbit- 
tered  by  the  frequent  returns  of  vio¬ 
lent  colic  pains,  ’till  fhe  was  happily 
advifed  by  her  phyfician,  not  to  drink, 
a»  flie  ufually  did,  beer,  brewed  with 
well  water.  And  fo  evidently  was  the 
eftablifhment  of  her  health  owing  to 
this  caution,  that  the  neglecT  of  it  was 
always  attended  with  a  return  of  her 
diforder.  A  fact,  fimilar  to  this  is  re- 

O  corded 

(k)  Vid.  Hoffman.  Op.  Tom.  6.  p.  205. 

(l)  Sanftor.  Med.  Stat.  Sect.  2.  Aph.  6, 
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corded  by  Van  Helmont,  of  the  monks 
belonging  to  a  certain  monaftery  near 
Bruffels,  who  were  always  affe&ed 
with  the  gripes  by  the  water  which 
they  ufed,  unlefs  they  corrected  its  ef¬ 
fects  by  boiling  wild  carrot  feed  in 
their  beer  (m). 

It  is  an  opinion  which  the  father 
of  phyfick  firll  advanced,  and  which 
has  been  almoft  univerfally  adopted 
by  his  followers,  and  hath  remained 
’till  lately  uncontroverted,  that  the 
Hone  and  gravel  are  generated  by  the 
ufe  of  hard  water.  Eamnantur  imprimis 
fontes,  fays  Pliny,  quorum  Aqua  decodlce, 
craffis  obducunt  vafa  cruftis  (n).  And  from 
this  quality,  which  the  waters  of  cer¬ 
tain  fprings  polfefs,  of  depofiting  a 

large 

(m)  Helmont’s  Lithiafis.  — Vid.  alfo  Hale’s  Stat, 
EiTays.  Vol.  2.  p.  248. 

(n)  Lib,  31.  c.  3, 
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large  earthy  fediment,  either  in  the 
aquaedu&s  through  which  they  are 
conveyed,  or  in  the  vellels  in  which 
they  are  boiled  or  preferved,  it  was 
obvious  to  infer,  that  in  palling  thro’ 
the  kidneys,  and  efpecially  whilft  re¬ 
tained  in  the  bladder,  they  would  let 
fall  their  groller  particles,  which  by 
the  continued  appolition  of  frelh  mat¬ 
ter,  connected  by  the  animal  gluten, 
and  compacted  by  the  mufcular  ac¬ 
tion  of  that  organ,  would  in  time  form 
a  Calculus ,  fufficiently  large  to  produce 
a  train  of  the  moll  excruciating  fymp- 
toms.  And  this  reafoning  a  priori,  has 
been  fuppofed  to  be  confirmed  by  fafits 
and  experience ;  for  not  to  mention 
the  authority  of  Hippocrates,  Dr.  Lifter 
has  obferved,  that  the  inhabitants  of 
Paris,  are  peculiarly  fubjeet  to  the 
ftone  in  the  bladder  (o).  And  it  is  well 

C  2  known, 

(o)  Vid,  Lifter’s  Journey  to  Paris. 
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known,  that  the  water  of  the  river 
Seine,  with  which  that  city  is  fup- 
plied,  is  fo  impregnated  with  calca¬ 
reous  matter,  as  to  incrullate,  and  in 
a  fhort  time  to  choak  up  the  pipes 
through  which  it  runs.  But  on  the 
other  hand  it  is  objected,  that  the  hu¬ 
man  Calculus  is  of  animal  origin,  and 
by  chemical  analyfis,  appears  to  bear 
very  little  analogy  to  the  dony  concre¬ 
tions  of  water.  And  though  it  is  al¬ 
lowed,  that  more  perfons  are  cut  for 
the  done  in  the  hofpitals  at  Paris,  than 
in  mod  other  places,  yet  upon  enquiry 
it  is  found,  that  many  of  thofe  patients 
come  from  different  provinces,  and 
from  towns  and  villages  far  didant 
from  the  Seine. 

Non  nojlrum  inter  bos  t ant  as  componere  lites. 

But  if  I  may  be  allowed  to  in¬ 
dulge  a  conjecture,  I  fhould  fuppofe, 
that  though  this  difeafe  may  chiefly 
depend  upon  a  peculiar  difpofition  to 

concrete 
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concrete  in  the  animal  fluids,  which 
in  many  inftances  is  hereditary,  and 
in  no  inflance  can  with  certainty 
be  imputed  to  any  particular  caufe; 
yet,  hard  water  is  at  leaft  negatively 
favourable  to  this  diathejis ,  by  having 
no  tendency  to  diminifh  it.  The  urine 
of  the  moll  healthy  perfon,  is  gene¬ 
rally  loaded  with  terreous  matter,  ca¬ 
pable,  in  favourable  circumftances,  of 
foiming  a  Calculus  >  as  is  evident  from 
the  thick  cruft  which  it  depolits,  on 
the  fldes  of  the  veflels  in  which  it  is 
contained.  And  it  feems  as  if  nature 
intended  by  this  excretion,  to  dis¬ 
charge  all  the  Superfluous  falts  of  the 
blood,  together  with  thofe  earthy  par¬ 
ticles,  which  are  either  derived  from 
our  aliment,  and  fine  enough  to  pafs 
through  the  ladeals,  though  infuper- 
able  by  the  powers  of  circulation,  or 
which  arife  from  the  abrafion  of  the 
folids,  or  from  the  diflolution  of  the 
red  globular  part  of  our  fluids.  Now 
water,  whether  ufed  as  nature  pre- 

fents 
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fents  us  with  it,  or  mixed  with  wine, 
or  taken  under  the  form  of  beer  or 
ale,  is  the  great  diluter,  vehicle,  and 
menftruum  both  of  our  food,  and  of  the 
faline,  earthy,  and  recrementitious  parts 
of  the  animal  juices.  And  it  is  more  or 
lefs  adapted  to  the  performance  of  thefe 
offices,  in  proportion  to  its  degree  of 
purity.  For  it  muft  appear  evident  to 
the  moft  ordinary  underftanding,  that 
a  menftruum  already  loaded,  and  per¬ 
haps  faturated,  with  different  contents, 
cannot  a<5l  fo  powerfully  as  one  which 
is  free  from  all  fenfible  impregnation. 
Nor  is  this  reafoning  founded  upon 
theory  alone  (p);  for  it  is  obferved, 

that 

(p)  A  gentleman  of  this  place,  who  had  been  long 
fubjeft  to  nephritic  complaints,  and  often  voided 
fmall  ftones,  was  advifed  to  refrain  from  the  nfe  of 
his  own  pump  water,  which  is  uncommonly  hard, 
and  to  drink  conftantly  the  fofter  water  of  a  neigh¬ 
bouring  fpring.  And  this  change  alone,  without  the 
rife  of  any  medicine,  hath  rendered  the  returns  of 
his  diforder  much  lefs  frequent  and  painful. 
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that  Malvern  Water,  which  iffues 
from  a  fpring  in  WorceSterlhire,  re¬ 
markable  for  its  uncommon  purity, 
hath  the  property  of  diflblving  the 
little  fabulous  Hones,  which  are  often 
voided  in  nephritic  complaints.  And 
the  folution  too,  which  is  a  proof  of 
its  being  complete,  is  perfectly  colour- 
lefs.  Hence  this  water  is  drunk  with 
great  advantage  in  diforders  of  the  uri¬ 
nary  patflages.  And  during  the  ufe 
of  it,  the  patient’s  urine  is  generally 
limpid,  and  feldom  depolits  any  fandy 
fediment.  Yet  notwithstanding  this 
appearance  of  tranfparency,  it  is  cer¬ 
tainly  at  fuch  times,  loaded  with  im¬ 
purities,  which  are  fo  diluted  and  dif- 
folved  as  not  to  be  vilible.  For  it  is 
attended  with  a  Strong  and  foetid  fmell, 

exaftly  refembling  that  of  afparagus  (q). 

Vtd, 

t 

(q)  In  Nephritic  cafes,  diftilled  water  would  be  an 
excellent  fubflitute  for  Malvern  Water,  as  the  foU 
lowing  experiment  evinces. 


Two 
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Etd,  Dr.  Wall  s  Treatife  on  Malvern 
water. 

These  few  inftances  are  fufficient  to 
flaew  the  utility  and  importance  of  the 
following  chemical  enquiry  into  the 
nature  and  properties  of  the  Pump 
Water  of  Manchester.  I fhall  there¬ 
fore  proceed  to  lay  before  the  reader 
the  moft  interefting  of  my  experiments 
on  this  fubjed,  with  fuch  remarks  and 
obfervations  as  are  obvioufly  deducible 
from  them. 

E  X  P  E  R  I- 

Two  fragments  of  the  fame  Calculus,  nearly  of 
equal  weights,  were  immerfed,  the  one  in  three 
ounces  of  diftilled  water,  the  other  in  three  ounces 
of  hard  pump  water.  The  phials  were  hung  up  clofe 
together,  in  a  kitchen  chimney,  at  a  convenient  dis¬ 
tance  from  the  fire.  After  fourteen  days  maceration, 
the  calculi  were  taken  out,  and  carefully  dried  by  a 
very  gentle  heat.  The  former,  viz.  that  which  had 
been  immerfed  in  diftilled  water,  was  diminifhed  in 
its  weight  a  grain  and  half ;  the  latter  had  loft  only 
half  a  grain. 
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EXPERIMENT  I. 

Near  thirty  different  pump  waters, 
moft  of  them  collected  from  pumps 
common  to  a  whole  neighbourhood, 
were  chemically  examined.  They  all  , 
curdled  foap ;  the  volatile  alkali  occa- 
fioned  a  precipitation  in  many  of  them  5 
the  fixed  alkali  in  all  of  them;  and 
they  became  quite  milky  with  a  folu- 
tion  of  facharum  faturni.  The  infufion 
of  galls  produced  no  change  in  their 
colour;  but  fyrup  of  violets  turned, 
moll  of  them  green. 

EXPERIMENT  II. 

A  three  ounce  phial,  after  being 
carefully  counterpoifed  in  a  very  nice 
ballance,  was  filled  to  the  brim  with 
diflilled  pump  water,  which  weighed 
twenty-one  drachms  and  fifty  graihs. 
The  fame  phial,  exactly  ballanced  as 

D  before, 
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before,  was  then  filled  to  the  brim 
with  my  own  pump  water,  which 
weighed  twenty-one  drachms  andfifty- 
fix  grains.  Several  other  pump  waters 
were  examined  in  the  fame  way,  and 
very  little  difference  was  found  in 
their  fpecific  gravities.  The  water  of 
a  pump  belonging  to  a  public  brewery 
in  this  place,  weighed  indeed,  in  the 
quantity  abov e-mentioned ,  only  twen¬ 
ty-one  drachms  and  fifty-three  grains. 
But  on  enquiry  I  learned,  that  this 
water  is  contained  in  a  refervoir,  fup- 
plied  by  means  of  pipes,  either  from 
the  rain  which  falls  in  the  neighbour¬ 
ing  grounds,  or  from  the  fuperficial 
fprings  which  run  through  them. 

From  the  foregoing  experiments  it 
is  obvious,  that  the  pump  water  of 
Mancheiter  is  in  general  very  impure. 
It  is  impregnated  with  a  large  quan¬ 
tity  of  felenite ;  an  earthy,  aflringent 

fait, 
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fait,  compofed  of  the  vitriolic,  nitrous, 
or  marine  acid,  and  calcareous  earth : 
And  at  the  fame  time  contains  no  in- 
conliderable  proportion  of  alum,  as 
the  green  colour  which  it  ftrikes  with 
fyrup  of  violets,  clearly  evinces  (r). 

D  2  For 

(r)  Dr.  Lewis,  whofe  accuracy  is  for  the  mo  ft  part 
unquestionable,  afferts  in  his  Materia  Medica ,  p.  71. 
“  that  the  blue  juices  of  vegetables  are  changed  red 
by  alum;”  and  again  in  his  excellent  notes  on  Neu¬ 
mann’s  Chemiftry ,  p.  252.  “  that  fyrup  of  violets  is 
changed  red  by  waters  impregnated  with  alum.”  This 
I  apprehend  is  a  miftake;  for  in  my  tryals,  two  grains 
of  alum  diftolved  in  an  ounce  of  distilled  water,  ftruck 
a  pea  green  with  twenty  drops  of  the  fame  fyrup  of 
violets,  which  was  ufed  in  the  above  recited  experi¬ 
ments.  A  tea-fpoonful  of  lime  water  added  to  a  part 
of  the  folution,  considerably  deepened  the  green  co® 
lour ;  whereas  two  drops  of  elixir  of  vitriol  produced 
in  the  other  part  a  fenfible,  though  faint  rednefs.  A 
folution  of  alum  alfo  in  lime  water  was  turned  at  once 
into  a  deep  green,  by  the  addition  of  a  fmall  portion 
of  fyrup  of  violets.  The  lime  water  was  added  in 
the  firft  experiment,  to  render  the  water  employed 
more  analogous  to  the  hard,  calcareous  pump  water 
of  Manchester, 


In 
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For  were  this  effect  owing  to  an  alka- 
lefcent  quality,  fait  of  tartar,  and  es¬ 
pecially  fpirit  of  fal  ammoniac,  would 
produce  no  precipitation  in  it.  But 
what  puts  this  conclufion  beyond  dis¬ 
pute  is,  that  an  aluminous  earth  is 
frequently  found  in  the  wells  of  this 
town. — From  the  fecond  experiment  it 
is  evident,  that  a  quart  of  water  con¬ 
tains  upwards  of  fixty  grains  of  ad¬ 
ventitious 

In  a  later  tryal  I  have  found  that  the  blue  or  purple 
juice  of  radifhes  is  changed  to  a  red,  fo  flight  how¬ 
ever  as  barely  to  be  perceptible,  by  a  folution  of  alum 
in  water.  But  this  does  not  invalidate  my  concluflon, 
that  many  of  the  pump  waters  of  Manchefter  are  alu¬ 
minous,  becaufe  they  are  turned  green  by  an  admix- 
ture  of  fyrup  of  violets.  For  it  appears,  that  a  folu¬ 
tion  of  alum  produced  a  green  colour  in  the  fame  fy¬ 
rup  of  violets  which  was  employed  in  the  before-men¬ 
tioned  experiment.  And  to  fecure  againfl:  all  fallacy, 
I  repeated  that  experiment  fevera-1  times.  The  refult 
of  it  is  alfo  corroborated  by  the  teftimony  of  Neu¬ 
mann,  who  aflerts,  that  the  common  forts  of  alum 
change  the  fyrup  of  violets  green,  Vid .  Neumann’s 
phemiftry,  p.  187, 
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ventitious  matter;  and  fuppofing  this 
quantity  to  be  daily  confumed,  in  one 
way  or  other,  by  every  individual, 
which  is  a  moderate  computation,  a- 
bout  forty-fix  ounces  troy  weight, 
of  crude,  earthy,  indigeftible,  and  by 
no  means  inactive  falts,  will  in  the 
eourfe  of  twelve  months,  be  received 
into  the  body.  And  how  pernicious 
.  this  may  be  to  health,  thofe  can  bell 
conceive,  who  know  the  powerful  in¬ 
fluence  of  flight,  but  continued  caufes, 
on  the  human  frame  (f).  I  have  not 
been  refident  here  a  fufficient  length 
of  time,  to  afcertain  with  any  degree 
of  precifion,  the  endemic  difeafes  of 
Manchefter.  But  one  obfervation,  even 
a  ftranger  hath  it  in  his  power  to 
make,  that  the  inhabitants  of  this 
place  are  peculiarly  fubject  to  glan¬ 
dular  obftrudions,  and  fcrophulous 

fwellings. 

(0  Quid  magis  eft  faxo  durum?  Quid  mollius  unda  ? 

Dura  tame?i  molli  faxa  cavantur  aqua .  Ovich 
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fwellings.  And  that  water  loaded  with 
aftringent,  earthy  falts,  hath  a  direct 
tendency  to  produce  fuch  complaints, 
hath  been  already  I  hope  fully  evinced. 

But  hard  and  impure  water  may 
be  conlidered  in  a  further  view  as  in¬ 
jurious  to  the  human  body.  It  was 
before  obferved,  that  this  univerfal 
menjiruum  is  deligned  by  nature  to  be 
the  diluter,  vehicle,  and  folvent  both 
of  our  food,  and  of  the  recrementiti- 
ous  parts  of  the  animal  fluids.  And 
in  the  performance  of  thefe  falutary 
offices,  it  immediately  promotes  the 
general  health  of  the  body,  and  at  the 
fame  time  counteracts  the  influence 
of  various  caufes  of  difeafe.  The 
Spaniards,  it  is  faid,  are  for  the  moft 
part  exempt  from  the  itch  and  the 
fcurvy,  notwithftanding  they  indulge 
themfelves  in  the  daily  ufe  of  pork, 
the  leaft  perfpirable  of  all  foods.  And 
the  reafon  affigned  for  this  remarka- 

able 


On  WATER. 


23 

I 

able  fadt  is,  that  the  air  of  Spain  is 
clear,  thin,  and  ferene,  and  the  water 
light,  pure,  and  wholefome  (t).  Hence 
the  minuteft  feries  of  veffels  are  con¬ 
tinued  permeable  and  unobllrudted, 
perfpiration  is  free  and  copious,  all 
the  excretions  are  duly  and  regularly 
performed,  and  every  thing  putrid  and 
acrimonious  is  carried  out  of  the  fyf- 
tem,  before  it  has  time  to  create  dif- 
turbance  or  diforder.  But  water  im¬ 
pregnated  with  auftere,  earthy,  and 
indigeftible  falts,  is  ill  qualified  to  an- 
fwer  thefe  important  ends.  Already 
nearly  faturated  with  its  heterogene¬ 
ous  contents,  it  is  rendered  lefs  capa¬ 
ble 

(t)  Vid.  HofFmanni  Opera,  Tom.  6.  p.  204.  ---- 
Herodotus,  whofe  teftimony  is  not  always  to  be  de¬ 
pended  upon,  relates  that  in  ^Ethiopia  the  inhabitants 
live  to  be  an  hundred  and  twenty  years  old,  that  they 
eat  flefh,  and  drink  milk;  that  the  water  of  the 
country  is  fo  light,  that  nothing  will  float  upon  it, 
not  even  wood,  and  that  the  ufe  of  this  water  makes 
them  long  lived.  Lib.  3.  c.  125. 
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ble  of  difiolving  our  food,  of  min¬ 
gling  uniformly  with  our  fluids,  of 
penetrating  the  fineft  ramifications  of 
the  vafcular  fyftem,  and  of  palling  off 
copioufly  and  eafily  by  the  feveral 
emundories.  And  thus  it  becomes 
negatively  the  caufe  of  difeafes. 

It  is  therefore  of  the  utmofl  confe- 
quence,  where  nature  hath  denied  the 
benefit  of  pure  water,  to.difcover  fome 
means  of  correding  its  pernicious 
qualities.  And  with  this  view  the  fol¬ 
lowing  experiments  were  made. 

EXPERIMENT  III. 

A  ftrong  folution  of  fait  of  tartar 
was  inftilled  into  hard  pump  water, 
till  no  ladefcency  enfued.  The  fame 
experiment  was  repeated  with  a  fmal- 
ler  quantity  of  fal  tartari ,  fo  as  not  to 
deftroy  the  infipidity  of  the  water; 
but  the  foftening  effed  of  the  vegeta¬ 
ble 
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ble  alkali,  was  then  fcarcely  percepti¬ 
ble.  Hence  it  appears  that  the  Man- 
chefter  pump  waters,  are  too  hard  to 
be  much  improved  in  this  way,  with¬ 
out  rendering  them  offenfive  to  the 
palate. 

EXPERIMENT  IV. 

To  half  an  ounce  of  hard  pump 
Water,  juft  boiled,  were  added  five 
drops  of  a  folution  of  fncharutn  Jhturni, 
To  an  equal  quantity  of  the  fame  wa¬ 
ter  unboiled,  were  alfo  added  five  drops. 
The  boiled  became  much  lefs  milky 
than  the  cold  water.  But  fuppofing 
this  effect  to  arife  from  the  heat  of 
the  water,  I  poured  half  an  ounce  of 
it  into  a  glafs,  and  when  cold,  inftilled 
five  drops  of  the  folution  of  fugar  of 
lead  into  it  as  before,  without  any  in— 
creafe  of  ns  ladfefcency.  I  then  took 
equal  quantities,  viz.  half  an  ounce 

E  of 
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of  unboiled  water,  and  of  water  which 
had  been  boiled  over  a  bride  fire  du¬ 
ring  the  fpace  of  twenty  minutes,  and 
poured  into  each  a  few  drops  of  the 
folution  of  Jack  arum  Jaturni.  The  raw 
water  became  twice  as  milky  as  the 
boiled  water,  and  depofited  a  much 
larger  fediment.  And  I  thought  the 
water  which  had  been  boiled  twenty 
minutes,  was  lefs  changed  by  the  ad¬ 
dition  of  fugar  of  lead,  than  that 
which  had  undergone  only  a  flight 
cocStion.  Ten  drops  of  Jp-  Jdl.  ammpn. 
vol.  added  to  half  an  ounce  of  raw 
faring  water,  turned  it  milky ;  but 
when  added  to  an  equal  quantity  oi 
the  fame  water  which  had  been  boiled 
twenty  minutes,  no  change  was  pro¬ 
duced.  Three  grains  of  fixed  alkali, 
(fal  tartan)  diffolved  in  half  an  ounce 
of  the  fame  boiled  water,  occafioned 
no  fenfible  cloudinefs;  but  when  mix¬ 
ed  with  an  equal  quantity  of  raw  wa¬ 
ter,  a  great  laftefcency  and  copious  px  e- 

cipitation 
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cipitation  immediately  enfued.  The 
boiled  water  Still  continued  to  break 
and  curdle  with  Soap,  though  in  a  lefs 
degree  than  the  fame  water  unboiled. 
The  former  alfo  felt  to  the  touch 
much  fofter  than  the  latter. 

This  experiment  clearly  demon- 
fixates,  that  hard  water  is  freed  from 
feme  of  its  earthy  falts,  and  rendered 
considerably  fofter  by  boiling.  And  it 
appears  likewife,  that  the  coftion 
Should  be  continued  fome  time,  in 
order  to  produce  its  full  effecT.  Dr. 
Heberden  is  indeed  of  a  contrary  o- 
pinion;  for  notwithstanding  he  ac¬ 
knowledges,  that  the  unneutralized 
lime-ftone  and  felenite  is  Separated  by 
boiling  from  pump  water,  yet  he 
thinks  it  becomes  more  firongly  im¬ 
pregnated  with  the  faline  matter,  and 
consequently  lefs  Salutary.  But  the 
Dr.  Seems  to  have  derived  his  opinion, 
not  from  experiment,  but  from  mif- 

E  2  taken 


28  ’Experiments  and  Obfervations 

taken  theory.  For  though  heat  gene¬ 
rally  increafes  the  difiolving  power  of 
any  menjlruum,  at  the  fame  time  it 
tends,  in  many  inftances,  to  deftroy 
the  texture,  and  difunite  the  compo¬ 
nent  parts  of  the  folvend.  Thus  hot 
water  fufpends  a  much  larger  quan¬ 
tity  of  nitre  than  cold  water ;  but  if 
the  folution  be  boiled  over  the  fire,  a 
confiderable  portion  of  the  falt-petre 
will  be  diffipated.  If  then  the  nitrous 
acid  be  volatilized  and  feparated  from 
its  alkali  by  cocftion,  may  we  not  juftly 
infer,  that  it  will  be  difengaged  by 
the  fame  caufe  from  an  earthy  bafis, 
to  which  it  bears  comparatively  but  a 
weak  affinity?  And  the  fame  reafoning 
may  be  applied  with  equal  force  to 
the  volatile  vitriolic  or  muriatic  acids, 
which  in  all  probability  fly  oflf  by 
means  of  the  boiling  heat,  leaving 
behind  them  an  indifloluble,  petrify¬ 
ing  earth,  that  fubfides  to  the  bottom, 
and  incrufts  the  veftel. 
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EXPERIMENT  V. 

A  quantity  of  hard  pump  water, 
which  had  paffed  through  a  filtering 
ftone,  when  compared  with  the  fame 
water  unfiltered,  was  found  to  be  con- 
fiderably  foftened.  Each  curdled  with 

foap,  hut  the  former  in  a  lefs  degree 
than  the  latter:  The  volatile  alkali  oc- 
cafioned  no  cloudinefs  in  the  filtered 
water,  but  a  vifible  one  in  the  other: 
The  fixed  alkali  produced  a  precipita¬ 
tion  in  both,  lefs  however  in  the  former 
than  in  the  latter ;  and  the  folution  of 
facharum  faturni  rendered  the  unfiltered 
water  much  more  laclcfccnt,  than  that 
which  had  foaked  through  the  filter¬ 
ing  ftone. 

These  two  experiments  point  out 
an  eafy  and  obvious  method  of  puri¬ 
fying  hard  water,  by  freeing  it  in 
fome  meafure,  from  the  unneutralized 

felenite,  and  groffer  falts  which  it  con- 

# 
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tains.  The  water  fliould  firft  be  boiled 
for  the  fpace  of  fifteen  or  twenty  mi¬ 
nutes,  then  pafifed  through  the  filter¬ 
ing  ftone ;  and  thus  it  will  be  rendered 
tolerably  pure,  falutaxy  and  potable, 
and  at  the  fame  time  much  better  a- 
dapted  to  a  variety  of  culinary  ufes. 

EXPERIMENT  VI.  . 

Mr.  Boyle  afferts  that  fome  pump 
waters,  barely  by  Handing  a  few  days, 
will  become  foft  enough  to  mix  uni¬ 
formly  with  foap  (u).  A  quantity  of 
hard  pump  water  was  therefore  ex- 
pofed  to  the  fun  and  air,  but  fo  as  to 
be  flickered  from  the  rain,  for  the 
fpace  of  a  week.  It  curdled  with  foap, 
and  became  as  milky  with  a  few  drops 
of  fugar  of  lead,  as  water  juft  drawn 
from  the  well.  The  volatile  alkali  in¬ 
deed,  produced  no  cloudinefs  in  it,  and 

this 

(u)  Boyle’s  Works,  Shaw’s  Edit.  Vol.  i.  p.  141.. 
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this  was  the  only  mark  which  it’af-* 
forded  of  being  in  the  leaft  degree 

foftened.  ,  > 

0- 

EXPERIMENT  VII. 

A  ftrong  infufion  of  malt  was  not 
more  mifcible  with  foap,  than  the 
boiled  water  with  which  it  was  pre¬ 
pared  ;  nor  did  it  fuffer  a  lefs  precipi¬ 
tation  on  the  addition  of  a  few  grains 
of  facharum  Jaturni. 

EXPERIMENT  VIII. 

*  *  \  * 

Strong  table  beer,  drawn  from  the 
barrel  about  ten  days  after  it  had  been 
brewed,  curdled  with  foap  as  much 
as  the  hard  water  boiled,  which  was 
employed  in  its  preparation. 

Hence  it  appears  that  fermentation 
hath  not  the  power  of  foftening  hard 
water;  and  that  the  wholefomenefs  of 

.  ’  t  \ 

malt 
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malt  liquors,  mull  greatly  depend  up¬ 
on  the  purity  of  the  water  which  is 
ufed  in  brewing  them.  This  coin¬ 
cides  with  the  following  obfervation 
of  Hoffman :  Bonitas  cerevi/iarum  primo  a 
Jalubri  aqua  dependet .  gfuo  falubrior  aqua 
font  ana  efi9  eo  pr  reft  ant  iorem  exbibet  cerevi - 
Jiam  ,  &  quo  fubtilior  aqua9  eo  plus  ingredi - 
entia  extrahit ,  eoque  melius  ferment efcit  (x)  , 

EXPERIMENT  IX. 

.  '  •  \  .  -  •  \  ■  ■  ,  .  _ 

Str  ong  infufions  of  green  and  bo- 
hea  tea  in  boiled  hard  water,  curdled 
with  foap,  and  were  as  much  changed 
by  the  addition  of  fugar  of  lead,  as 
the  boiled  water  itfelf.  So  that  thefe 
fafliionable  and  favourite  articles  of 
diet,  notwithftanding  the  foft  tafle 
which  they  communicate  to  the  hard- 
eft  water,  do  not  really  alter  or  im¬ 
prove  its  nature.  It  were  well  how¬ 
ever, 

(x)  Hoffman.  Op.  Vol.  i.  p.  113. 
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ever,  if  tea  could  be  confidered  in  this 
refpeft  merely  as  innocent  or  ufelefs ; 
but  it  imparts  many  pernicious  quali- 
ties  to  its  aqueous  menjlruum ;  and  the 
daily  ufe  of  it,  by  infenlible  degrees 
enfeebles  the  conflitution,  and  brings 
on  a  train  of  nervous  diforders. 

experiment  x. 

Two  or  three  pieces  of  common 
brick  were  fleeped  four  days,  in  a  ba- 
fon  full  of  diddled  water.  The  water 
was  then  decanted  off,  and  examined 
by  various  chemical  tells.  It  was  im- 
mifcible  with  foap,  ftruck  a  lively 
green  with  fyrup  of  violets,  was  ren¬ 
dered  llightly  lacTefcent  by  the  volatile 
alkali,  and  quite  milky  by  the  fixed 
alKali,  and  by  a  folution  of  facharutn 
faturm.  The  infulion  of  tormentil  root 
produced  no  change  in  it. 
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EXPERIMENT  XI. 


An  experiment  fimilar  to  the  former 
was  tried  with  a  rough  piece  of  free- 
ftone,  (faxum  arenarium )  which  did  not 
appear  to  have  communicated  any 
impregnation  to  a  bafon  full  of  dif- 
tilled  water,  in  which  it  had  been  fe- 
veral  days  immerfed. 

The  ioth  experiment  affords  a  link¬ 
ing  proof  of  the  impropriety  of  lining 
wells  with  brick,  a  practice  very  com- 
mon  in  many  places,  and  which  can¬ 
not  fail  of  rendering  the  water  hard 
and  unwholefome.  Clay  generally 

I 

contains  a  variety  of  heterogeneous 
matters.  The  coloured  loams  often 
participate  of  bitumen,  and  the  ocher 
of  iron :  Sand  and  calcareous  earth  are 
Hill  more  common  ingredients  in  their 
compofition ;  and  the  experiments  of 
Mr.  Geoffroy  and  Mr.  Pott  prove,  that 

the 
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the  earth  of  alum  alfo,  may  in  large 
quantity  be  extracted  from  them.  Now 
as  clay  is  expofed  to  the  open  air  for  a 
long  fpace  of  time,  is  then  moulded 
into  bricks,  and  burnt,  this  procefs 
refembles  in  many  refpefts  that  by 
which  the  alum-ftone  is  prepared. 
And  it  is  probable,  that  the  white  ef- 
florefcence,  which  is  frequently  ob- 
fervable  on  the  furface  of  new  bricks, 
is  of  an  aluminous  nature  (y). 

J 

It  hath  long  been  a  prevailing  opi¬ 
nion,  that  water  flowing  through  lead¬ 
en  pipes,  acquires  certain  noxious  qua¬ 
lities.  Hippocrates,  and  his  commen- 

F  2  tator 


(7)  The  long  expofure  of  clay  to  the  air,  before 
it  is  moulded  into  bricks,  the  fulphureous  exhalations 
of  the  pit  coal  ufed  in  burning  it,  together  with  the 
fuffocating  and  bituminous  vapour  which  arifes  from 
the  ignited  clay  itfelf,  fufficiently  account  for  the 
combination  of  a  vitriolic  acid  with  the  earth  of 
alum* 
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tator  Galen,  exprefsly  condemn  the 
nfe  of  fuch  water ;  and  Vitruvius  in 
his  treatife  on  Architecture,  remon- 
fixates  flxongly  again#  that  means  of 
conveying  water.  Multo  jalubrior  ex  tu- 
hulls  aqua  quam  per  JiJiulas  :  quod  per  plum « 
hum  videtur  ejje  ideo  vitiofa ,  quod  ex  eo  ceruf- 
fa  nafcitur :  hcec  autem  dicitur  tweens  ejje  cor - 
paribus  humapiis.  Itaque  minim e  jiftulis  plum - 
beis  aqua  duel  videtur ,  Ji  volumus  earn  habere 
falubrem  (z).  Neumann,  whofe  autho¬ 
rity  as  a  chemiit  is  of  great  weight, 
gives  it  as  his  opinion,  that  the  wa¬ 
ters  conveyed  by  pipes  may  corrode 
fome  of  the  matter  of  the  pipe  or  of  its 
cement,  and  thus  contract  d  if  agreea¬ 
ble  qualities.  And  he  affures  us,  that 
having  examined  the  aquaeduCts  at 
Rome,  thofe  between  Marly  and  Ver- 
failles  in  France,  and  thofe  by  which 
London  is  fupplied  with  the  New-river 

water, 

(z)  Vitruvius,  lib.  8.  c.  7. 
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water,  he  found  them  in  fome  places 
liable  to  this  inconvenience  (a).  But 
a  •  celebrated  writer,  who  has  lately 
favoured  the  publick  with  an  excel¬ 
lent  treatife  on  the  poifon  of  lead, 
thinks  the  caution  of  Vitruvius  and 
of  Gajgn  unneceflary,  except  in  fuch 
cafes  where  a  quantity  of  vegetable 
acid  might  be  fuppofed  to  render  the 
metal  diiToluble  in  water  (b).  I  can¬ 
not  however  agree  with  him  in  this 
opinion,  notwithftanding  his  experi¬ 
ments  at  firft  fight  appear  to  be  fo  con- 
clufive.  For  I  apprehend  the  water 
he  employed  in  his  tryals,  either  con¬ 
tained  no  acid,  or  that  the  acid  was 
combined  with  other  fub fiances,  by 
which  it  was  more  powerfully  attract¬ 
ed  than  by  lead.  This  metal  difiTolves 
very  readily  in  weak  aqua  fortis ,  or  in 
oil  of  vitriol  well  diluted  with  wa¬ 
ter 

(a)  Neumann’s  Chem.  by  Lewis,  p.  248. 

(b)  Vid.  Medical  Tranfa£Uons,  No.  13. 
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ter  (c).  And  from  Dr.  Cullen’s  table 
of  Elective  Attractions  it  appears,  that 
the  laft  of  thefe  acids  has  a  much 
ftronger  affinity  with  lead,  than  with 
the  earthy  bafis  of  alum.  As  fpring 
waters  are  therefore  fo  frequently 
found  to  be  aluminous,  may  we  not 
with  reafon  fufpeCt,  that  in  their  paf- 
fage  through  leaden  pipes,  the  vitrio¬ 
lic  acid  will  depofit  the  earth  with 
which  it  was  combined,  and  diffolve 

fome  portion  of  the  metal.  And  thus 
the  fountain  will  become  impregnated 
with  a  metallic  fait,  of  the  moil  poi- 
fonous  and  deleterious  quality.  It  is 
a  common  obfervation  that  hard  wa¬ 
ter  renders  pewter  black ;  and  this  in 
all  probability  arifes  from  a  folution 
of  the  lead  and  tin,  of  which  this 
mixed  metal  is  compofed.  But  as  a 
point  of  fo  much  importance  to  the 
health  of  mankind,  ought  to  reft  on 

better 

(c)  Shaw’s  Notes  to  Boerhaave’s  Chem.  VoL  i.  p.  85* 
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better  evidence  than  theoretical  rea- 
foning,  the  following  experiment  was 
made  in  order  to  determine,  whether 
water  impregnated  with  alum  be  ca¬ 
pable  of  diilolving  lead. 

EXPERIMENT  XII. 

Two  clean  and  bright  bits  of  lead, 
weighing  327  grains  were  immerfed 
lixteen  days  in  a  phial  of  water,  in 
which  a  drachm  of  alum  had  been 
previoufly  diffolved.  The  volatile  tinc¬ 
ture  of  fulphur  produced  no  black- 
nefs  in  this  water,  until  a  few  drops 
of  the  folution  of  facharutn  fotumt  were 
added  to  it,  and  then  a  dufky  colour 
immediately  fucceeded.  The  bits  of 
lead  carefully  wiped  and  dried,  were 
not  found  to  have  fuffered  any  fenfible 
lofs  of  weight. 

The  fame  experiment  was  repeated 
with  hard,  aluminous  pump  water.  I 

conceived, 
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conceived,  that  the  lead  had  commu¬ 
nicated  fomewhat  of  a  fweetifh  tafte 
to  the  water ;  but  when  a  few  drops 
of  the  volatile  tinCture  of  fulphur  were 
inftilled  into  it,  it  did  not  exhibit  any 
appearance  of  a  faturnine  impregna¬ 
tion  :  Nor  had  the  bits  of  lead  loft  any 
part  of  their  weight. 

7 

Though  the  refult  of  this  experi¬ 
ment  feems  to  overturn  the  theory  be¬ 
fore  advanced,  yet  it  does  not  afford 
me  full  conviction,  that  lead  is  totally 
infoluble  in  aluminous  waters.  For 
the  volatile  tinCture  of  fulphur  may 
not  perhaps,  in  every  inftance,  be  a 
certain  teft  of  the  prefence  of  this  poi- 
fonous  metal,  as  I  have  elfewhere 
proved,  that  green  vitriol  is  not  of  the 
aftringency  of  vegetables  .(d).  But 
confcious  of  the  influence  of  a  precon¬ 
ceived  hypothefts,  I  have  fairly  ftated 

both 

(d)  Effavs  Medical  and  Experimental,  p.  137. 
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both  the  reafons  and  fads,  relating  to 
this  point,  and  Ihall  leave  the  decilion 
concerning  them  to  the  more  unbiaffed 
judgment  of  the  reader.  The  ufe  of 
leaden  pumps  however  may  be  perni¬ 
cious,  though  the  conveyance  of  wa¬ 
ter  through  pipes  of  this  metal  fhould 
not  be  efteemed  fo :  For  by  the  fridion 
of  the  bucket  againft  the  lides  of  the 
pump,  fome  portion  of  lead  will  be 
rubbed  off,  and  fufpended  in  the 
water  (e). 


G  SECTION 

(e)  T  hough  it  be  foreign  to  my  prefent  fubjeft,  I 
cannot  omit  this  opportunity  of  cautioning  againft 
the  practice  of  cleaning  wine  bottles  with  leaden  ftiot* 
It  frequently  happens,  I  am  perfuaded,  through  the 
carelefsnefs  of  fervants,  that  fome  of  the  little  pellets 
are  left  behind  ;  and  when  wine  or  beer  is  again  pour¬ 
ed  into  the  bottles,  this  mineral  poifon  will  flowly 
dilTolve,  and  impregnate  thofe  vinous  liquors  with  its 
deleterious  qualities.  The  fweetnefs  which  is  lbme- 
times  perceived  in  red  port  wine,  may  arife  from  this 
caufe,  where  fuch  an  adulteration  is  neither  deiigned 
nor  fufpe<fted. 
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SECTION  II. 

FROM  the  fubject  of  this  experi¬ 
mental  enquiry  into  the  differ¬ 
ent  properties  of  hard  and  foft  water, 
we  are  naturally  led  to  confider  their 
influence  on  many  of  the  operations 
of  Pharmacy.  And  we  fliall  find, 
that  the  moll  innocent  vehicle.  Is  alfo 
the  moft  powerful  menjiruum  for  ex¬ 
tracting  the  virtues  of  medicines. 

EXPERIMENT  XIII. 

Two  drachms  of  green  tea,  were 
feparately  macerated  without  heat,  an 
equal  length  of  time,  the  one  in  three 
ounces  of  hard  pump  water,  and  the 
other  in  the  fame  quantity  of  diflilled 
water.  The  latter  infufion  had  a  more 
bitter  tafte,  and  flruck  a  much  deeper 
black  than  the  former,  with  three 
grains  of  fal  mart  is. 
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EXPERIMENT  XIV. 

A  draclim  of  bark  finely  powdered, 
was  macerated  two  days,  without  heat, 
in  three  ounces  of  diftilled  water;  and 
the  fame  quantity,  during  the  fame 
fpace  of  time,  in  three  ounces  of  hard 
pump  water.  The  infufion  made  with 
diftilled  water,  was  of  a  paler  colour 
than  the  other,  but  yet  tailed  more  in- 
tenfely  bitter,  although  fomewhat  lefs 
rough  and  ftyptic.  Two  grains  of  fal 
martis  were  added  to  half  an  ounce  of 
each  infufion,  carefully  filtered.  The 
latter  ftruck  a  much  deeper  black  than 
the  former. 

Disappointed  in  the  refult  of  this 
experiment,  I  repeated  it  again,  but  - 
with  nearly  the  fame  fuccefs  as  be¬ 
fore.  Twenty  drops  of  a  ftrong  folu- 
tion  of  fal  martis,  produced  at  firft  no 
fenfible  change  in  half  an  ounce  of 
the  infufion  made  with  diftilled  water, 

G  2  whilft 
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whilft  the  fame  number  of  drops,  al- 
moft  inftantly  {truck  an  inky  black- 
nefs  with  the  other  infuiion,  prepared 
with  hard  pump  water.  By  degrees 
indeed  the  former  affirmed  a  dufky 
hue,  but  after  ftanding  many  hours, 
did  not  half  equal  the  blacknefs  of  the 
latter. 

EXPERIMENT  XV. 

j  •  •  V  .  »  ; 

Thirty  drops  of  a  folution of  alum 
in  lime  water  were  inftilled  into  half 
an  ounce  of  the  infuiion  of  bark,  made 
with  diltilled  w’ater.  By  this  addition 
the  fame  quantity  of  fal  martis  em¬ 
ployed  in  the  lalt  experiment,  imme¬ 
diately  produced  a  very  dufky  colour ; 
and  in  lefs  than  an  hour,  the  mixture 
affirmed  an  inky  blacknefs. 

EXPERIMENT  XVI. 

Two  drachms  of  tormentil  root  brui- 

fed,  were  macerated  in  equal  quan¬ 
tities, 
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titles,  viz.  three  ounces  of  hard  pump 
water,  and  of  diftilled  water,  during 
the  fpace  of  twenty-four  hours.  The 
latter  infulion  was  of  a  deeper  orange 
colour,  than  the  former,  and  had  a 
rougher  and  more  ftyptic  tafte.  But 
when  twenty  drops  of  a  folution  of  fal 
martis  were  added  to  equal  portions  of 
each  infufion,  an  inky  blacknefs,  to 
all  appearance  precifely  the  fame,  en- 
fued  in  both. 

EXPERIMENT  XVII. 

An  experiment  fimilar  to  the  former 
was  tried  with  aleppo  galls,  by  mace¬ 
rating  two  drachms  of  their  powder 
in  equal  quantities  of  hard  pump  wa¬ 
ter,  and  of  diftilled  water :  but  the  re- 
fult  was  fomewhat  different.  I  could 
not  by  comparing  their  taftes,  deter¬ 
mine  which  infufion  was  moft  aftrin- 
gent  or  ftyptic.  That  made  with  dif¬ 
tilled  water  was  of  a  paler  colour  than 

the 
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the  other;  yet  it  {truck  a  much  deeper 
black  with  green  vitriol. 

EXPERIMENT  XVIII. 

Equal  quantities  of  peruvian  bark 
powdered,  were  macerated  without 
heat  forty-eight  hours,  in  three  ounces 
of  hard  pump  water,  and  of  the  fame 
pump  water  boiled.  The  latter  infu- 
fion  had  a  ftronger  tafte  of  the  cortex, 
but  did  not  {trike  fo  deep  a  black  with 
the  folution  of  fal  martis. 

From  thefe  experiments  it  may  be 
inferred  that  foft  water,  and  efpecially 
diftilled  water,  ads  far  more  power¬ 
fully  as  a  menjlruum  on  vegetable  bit¬ 
ters  and  aftringents,  than  hard  pump 
water.  And  the  conclulion  may  in  all 
probability,  be  extended  to  many  o- 
ther  dalles  of  vegetables.  The  four¬ 
teenth  experiment  indeed,  feems  at 
firft  view  to  prove  that  the  peruvian 

bark 


I 


On  W  A  T  E  R.  47 

bark  yields  its  aftringency  more  per¬ 
fectly  to  hard,  than  to  foft  water ;  but 
the  fucceeding  experiment  ffiews  the 
fallacy  of  this  inference.  For  the  ad¬ 
dition  of  thirty  drops  of  a  folution  of 
alum  in  lime  water,  could  not  give 
any  real  increafe  to  the  ftrength  of  an 
inrufion  of  the  cortex ,  previoufly  pre¬ 
pared  ;  although  it  enabled  it  to  ftrike 
a  deeper  black  with  green  vitriol. 
But  from  this  curious  fact  we  may 
conclude,  that  hard,  aluminous  waters 
are  likely  to  anfwer  bell  in  the  dying 
of  black;  and  this  is  confirmed  by 
the  obfervation  of  Dr.  Lewis,  that 
alum  heightens  the  colour  of  the  wa¬ 
tery  tinClures  of  madder  and  brazil  (f). 

1  i  is  found  that  hard,  calcareous  wa¬ 
ters  render  the  mixture  of  relinous 
bodies,  by  the  intervention  of  muci- 
lage  of  gum  arabic,  difficult  and  fome- 

times 

(f)  Vid.  Neumann’s  Chem.  by  Lewis,  p.  1S7. 
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times  impracticable  (g).  This  natu¬ 
rally  led  me  to  conceive,  that  foft,  or 
diftilled  water,  might  poffibly  diffolve 
thofe  fubftances  without  the  affiftance 

of 


(g)  Vid,  Land.  Med.  Obferv.  Vol.  1.  p.  435. 

I  cannot  avoid  remarking  a  miftake  into  which  the 
learned  and  accurate  Dr.  Fothergill  hath  fallen,  in 
the  ufeful  paper  here  referred  to,  by  not  varying 
the  circumftances  of  his  experiment.  He  obferves, 
that  volatile  alkalies  prevent  the  union  of  oil  and  wa¬ 
ter,  by  the  intervention  of  mucilage ;  and  fuppofes 
this  effeft  to  arife  from  the  latent  acid  of  the  gum 
being  deftroyed  by  the  alkali.  Whether  gum  arabic 
contains  any  acid  is,  I  lhould  apprehend,  very  dubi¬ 
ous  ;  but  I  am  well  aiTured,  from  repeated  tryals  which 
different  apothecaries  have  made  for  me,  that  an 
uniform  and  neat  composition  may  be  produced  in  the 
following  manner. 

]£>  01.  oliv.  vel  fpernu  ceti.  —  mucilag.  g.  arab.  tere  Jl- 
mill  in  mortario,  dein  adde ,  alk.  vol.—denuo  tere  <&  paula- 
tim  ad] ice,  aq.  fimpr-fpirit.—fyrup.  M. 


The  combination  of  the  volatile  alkali  with  oil  or 
fpermaceti,  is  of  conliderable  importancepn  many  dis¬ 
orders  of  the  bread;. 
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of  any  medium,  or  at  leaft  with  a 
much  fmaller  proportion  of  gum, 
than  is  commonly  employed.  On  fug- 
gelling  this  hint  to  a  fenfible  and  in¬ 
genious  apothecary  of  this  place,  he 
very  obligingly  undertook  to  make 
the  experiments  for  me,  and  has  fent 
me  the  following  account  of  the  re- 
l'ult  of  them,  which  I  lhall  deliver  in 
his  own  words.  The  letter  contains 
fome  further  tryals,  which  do  not  re¬ 
late  to  the  prefent  fubjecT;  but  as  they 
lead  to  feveral  ufeful  and  important 
conclulions,  I  lhall  without  any  apo¬ 
logy  infert  them, 

Manchejter,  June  29,  1768. 

Dear  Sir, 

THave  made  the  experiments  you  de- 
JL  fired  of  dilfolving  refmous  fub- 
llances  in  diftilled  and  common  pump 

El  water, 
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water,  the  refult  of  which  feems  to 
be  much  in  favour  of  the  former. 

One  fcruple  of  balfam  of  tolu  rub¬ 
bed  with  half  an  ounce  of  diddled 
rain  water,  added  gradually  to  it,  for 
fifteen  minutes,  formed  a  mixture, 
which  on  Handing  about  a  minute 
fubfided,  but  reunited  by  lhaking :  be¬ 
ing  fet  by  a  few  days,  the  balfam  be¬ 
came  a  concrete  mafs,  not  again  mif- 
cible  by  lhaking  up  the  bottle. 

■m  '  '•  -  „ 

* 

The  fame  quantity  required  more 
trituration  to  mix  it  with  common 
pump  water.  The  mixture  was  not 

kept. 

One  fcruple  of  the  fame,  rubbed 
with  fifteen  grains  of  gum  arabic, 
was  nearly  as  long  in  perfectly  unit¬ 
ing  with  half  an  ounce  of  diddled 
water  as  that  without  the  gum.  This 

was 
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was  perhaps  owing  to  the  latter  piece 
being  more  refinous ;  however,  though 
on  long  Handing  there  was  a  fmall  fe- 
diment,  it  immediately  reunited  a 

week  after  by  agitation. 

Fifteen  grains  of  balfam  capivi 
united  very  fmoothly  with  diftilied 

water  half  an  ounce,  by  the  medium 
of  three  grains  of  gum  arabic — Five 
grains  of  the  gum  were  not  fo  effec¬ 
tual  with  pump  water. 

Balsam  peru  ten  drops,  with  gum 
arabic  ten  grains,  diftilied  water  half 
an  ounce,  formed  a  neat  white  emul- 
fion,  but  with  common  water  a  very 
unequal  mixture. 

Gum  myrrh  powdered,  that  there 
might  be  no  difference  in  the  feveral 
quantities  ufed,  half  a  fcruple,  dif- 
folved  readily  with  gum  arabic  three 

H  2  grains, 
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grains,  in  both  kinds  of  water,  and 
even  mixed  with  them  by  longer  tri¬ 
turation  without  any  medium,  but 
more  eafily  with  diftilled  than  com¬ 
mon  fpring  water.  Olibanum,  maf- 
tick,  gum  guaiacum,  and  galbanum 
may  likewife  be  mixed  with  water  by 
rubbing,  without  any  gum  arabic  or 
egg. 

/ 

The  fpring  water  which  was  made 
ufe  of  was  from  my  own  pump,  and 
is  very  aluminous. 

The  folution  of  crude  mercury  with 
mucilage  of  gum  arabic  being  fo  eali- 
ly  accomplilhed,  and  it  being  very  dif- 
agreeable  to  many  patients,  and  to 
fome  almoft  impoflible  to  fwallow  pills, 
boluffes,  or  electuaries ;  I  was  in¬ 
duced  to  try  whether  calomel,  cinna¬ 
bar,  and  the  other  heavy  and  metal¬ 
line  bodies  commonly  adminiftered 

only 
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only  under  thefe  forms,  might  not 
by  the  fame  means  be  rendered  mifci- 
ble  with  water,  fo  as  to  be  given  more 
agreeably  in  a  liquid  form. — I  had  in¬ 
deed  fometimes  feen  injections  made 
with  calomel  and  gum  arabic,  but  had 
not  obferved  whether  it  fufpended  the 
calomel  fo  uniformly  as  to  be  given 
by  the  mouth. 

1  accordingly  rubbed  ten  grains  of 
cinnabar  of  antimony  and  a  fcruple 
of  gum  arabic  with  a  fufficient  quan¬ 
tity  of  diftilled  water  to  form  a  muci- 
lage,  and  added  a  drachm  of  fimple 
fyrup,  and  three  drachms  more  of 
water. 

This  makes  an  agreeable  little 
draught,  and  having  flood  above  half 
an  hour  without  depoliting  any  fedi- 
ment,  I  added  three  drachms  more  of 
water  to  it,  and  notwitliftanding  the 

mucilage 
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mucilage  was  rendered  fo  much  more 
dilute,  very  little  of  the  cinnabar  fub- 
fided  even  after  it  had  Hood  fome  days. 

Steel  limply  prepared,  and  pre¬ 
pared  tin  were  both  mixed  with  water 
by  their  own  weight  of  gum  arabic, 
and  remained  fufpended,  except  a  very 
fmall  portion  of  each,  which  was  not 
reduced  to  a  fufficiently  fine  powder. 

Five  grains  of  calomel  were  mixed 
with  two  drachms  of  diftilled  water 
and  half  a  drachm  of  fimple  fyrup, 
by  means  of  five  grains  of  gum  ara¬ 
bic,  which  keep  it  fufficiently  fuf¬ 
pended,  a  double  quantity  of  the  gum 
preferved  the  mixture  uniform  Hill 
longer.  In  this  form  it  will  be  much 
more  eafily  given  to  children,  than  in 
fyrups,  conferves,  &c.  as  a  great  part 
of  it  is  generally  wafted,  in  forcing 
thofe  vifcid  vehicles  into  them,  and  it 

may 


On  WATER.  55 

may  be  joined  with  fcammony  and 
other  refmous  purgatives  by  the  fame 
method,  and  of  thefe  perhaps  the 
gum  arabic  would  be  the  bell  corrector. 

Gum  arabic  likewife  greatly  abates 
the  difagreeable  tafte  of  the  corrolive 
fublimate,  mixed  with  water  inftead  of 
brandy,  and  (from  the  few  tryals  I 
have  made)  fits  eafier  on  the  ftomach, 
and  will  not  be  fo  apt  to  betray  the 
patient  by  the  fxnell  of  the  brandy. 

Mr.  Plenck,  who  firft  inftr'ufted  us 
in  the  method  of  mixing  quick-filver 
with  mucilage,  obferves,  (and  expe¬ 
rience  confirms  the  truth  of  it)  that 
this  preparation  is  not  fo  apt  to  bring 
on  a  fpitting  as  the  argent,  viv.  mixed 
by  any  other  medium,  or  as  the  faline 
and  other  mercurial  preparations.— 
How  far  the  theory  by  which  he  ac¬ 
counts  for  it  may  be  juft,  is  not  of 

much 
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much  importance,  but  it  may  perhaps 
be  worth  while  to  enquire  whether  it 
would  not  be  equally  effectual  in  pre¬ 
venting  calomel,  and  the  other  pre¬ 
parations  of  mercury,  from  affefting 
the  mouth.— If  fo,  is  it  not  impro¬ 
per  where  a  falivation  is  intended,  to 
give  emulfions  with  gum  arabic  and 
other  mucilaginous  liquors  for  the 
patient’s  common  drink,  as  by  that 
means  the  fpitting  may  be  retarded  r 
And  on  the  contrary,  may  it  not  be  a 
ufeful  medicine  to  diminifli  the  dif- 
charge  when  too  copious  (h)  ? 

But— 

(h)  The  following  cafe  may  in  fome  meafure  ferve 
to  confirm  the  above  obfervation. 

A  Gentleman ,  always  eafily  affefted  by  mercurials, 
having  taken  about  twenty-fix  grains  of  calomel  in 
dofes  from  one  to  three  grains,  notwithftanding  he 
was  purged  every  third  day,  was  fuddenly  feized  with 
a  falivation.  He  fpat  plentifully,  his  breath  was  very 
foetid,  teeth  loofe,  and  his  gums,  fauces,  and  the 

margin 
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But — Ne  futor  ultra  crepidam.  And 
though  I  am  fure  your  friendly  can¬ 
dour  will  excufe  thefe  trifling  obferva- 
tions,  which  have  occurred  as  I  was 
writing,  yet  I  fear  I  trefpafs  upon 

I  time 

margin  of  his  tongue  greatly  ulcerated  and  inflamed* 
He  was  directed  to  ufe  the  following  gargle. 

1^  Gum.  arab.  femiunc.  folve  in  aqua  font,  bullient- 
lib.  <&  adde  met,  rofac.  unc.  unam.  M.  ft.  gar  gar. 

And  to  drink  freely  of  a  ptifan  prepared  with  aq. 
hord .  lib.  ij .  gum.  arabic.  unc.  ij.  nitr .  pur.  drachm,  ij .  fac~ 
char.  alb.  unc.  j. 

His  purgative  was  repeated  the  fucceeding  morning. 

The  next  day  his  gums  were  lefs  inflamed ;  but  the 
Houghs  on  his  tongue,  &c.  were  ftill  as  foul;  his 
fpitting  was  much  the  fame  :  he  had  drank  about  a 
pint  of  the  ptifan. ---Some vitrioli  was  added  to  the 
gargle. 

From  this  day  to  the  fourth,  he  was  purged  everjr 
day  without  effect— his  falivation  ftill  continued,  his 
mouth  was  no  better— -he  had  neglected  the  mucila¬ 
ginous  drink— this  evening  he  was  perfuaded  to  drink 

about 
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time  which  you  would  fpend  much 
more  ufefully,  than  in  pending  thefe 
indigefted  thoughts  of,  dear  Sir, 

Tour  very' obliged  and  humble  Servant ? 

Thomas  Henry* 


E  X  P  E  Pv  I  MENT  XIX* 

It  has  been  remarked  by  Dr.  Whytt, 
and  many  others,  that  different  kinds 
of  quick  lime  impregnate  water  with 
different  degrees  of  ftre-ngth.  This 

fuggefted 

about  a  pint  of  it  which  remained,  and  he  had  it  re- 
peated,  and  drank  ’very  freely  of  it  that  night. 

On  the  fifth  morning  the  purgative  was  again  re¬ 
peated.  Though  it  operated  very  little,  yet  the  change 
was  very  furprifing,  his  mouth  was  nearly  well, 
and  his  ptyalilm  greatly  decrealed— the  ptifan  was 
repeated,  and  on  the  fixth  day  being  quite  well,  he 
was  permitted  to  go  abroad. 

See  alfo  Dr.  Saunders’s  appendix  to  the  fecond 
edition  of  Mr.  Plenck’s  -treatife,  iince  publifhed. 
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fuggefled  to  me  that  a  diverfity  in  the 
menjtruum ,  may  alfo  conixderably  vary 
the  qualities  of  the  lime  water.  And 
my  conjecture  has  been  confirmed  by 
the  enfuing  experiment. 

Equal  quantities,  viz.  a  quart,  of 
diftilled  water,  of  boiled  pump  water 
grown  cold,  and  of  the  fame  hard 
pump  water  unboiled,  were  feveraliy 
added  to  half  a  pound  of  quick-lime. 
After  an  infufion  of  twenty-four  hours, 
the  waters  were  decanted  off,  and  fil¬ 
tered  through  paper.  Ten  drops  of 
fyrup*  of  violets  ftruck  a  deep  green 
with  tlie  lime  water,  made  with  dif¬ 
tilled  water,  a  lighter  one  with  that 
prepared  with  boiled  water,  and  the 
lighted:  with  the  raw  pump  water. 
Sixty  drops  of  a  folution  of  fait  of 
tartar  in  diftilled  water,  added  to  each 
lime  water  in  the  foregoing  order,  oc- 
caftoned  the  large  ft  precipitation  from 

i  2  the 
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the  firft,  the  next  in  degree  from  the 
fecond,  and  the  leaft  from  the  third. 
The  taftes  of  the  different  lime  waters 
correfponded  alfo  with  the  above-men¬ 
tioned  tells.  For  that  made  with  dif- 
tilled  water  was  by  far  the  moft  pun¬ 
gent,  and  yet  the  leaf!  difagreeable ; 
whereas  that  prepared  with  raw  pump 
water,  was  extremely  harfh  and  nau- 
feous,  without  being  proportionably 
impregnated  with  the  acrimony  of  the 
quick-lime. 

EXPERIMENT  XX. 

Three  fragments  of  human  calculi, 
numbered  for  the  fake  of  diftincftion, 
i ,  2,  3,  were  immerfed  in  equal  quan-. 
tities  of  different  lime  waters ;  the  firft 
in  lime  water  made  with  diftilled  wa¬ 
ter,  the  fecond  in  lime  water  prepared 
with  hard  pump  water,  and  the  third 
in  lime  water  made  with  the  fame 
hard  pump  water  poured  boiling  hot 

upon 
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upon  the  quick-lime.  No.  i,  was  of 
'  a  brown  colour,  and  hard  texture,  was 
fmooth  on  one  fide  and  rough  on  the 
other,  and  weighed  twenty-lix  grains 
and  a  half.  No.  2,  was  a  fragment  of 
the  fame  calculus ,  and  weighed  twenty- 
five  grains  and  a  half.  No.  3,  a  frag¬ 
ment  of  a  different  calculus ,  was  of  a 
loofer  and  more  fpongy  texture  than 
the  former,  and  weighed  twenty-feven 
grains.  The  phials  which  contained 
the  calculi  and  four  ounces  by  meafure 
of  lime  water,  were  all  nearly  full, 
and  clofely  corked  up.  After  con¬ 
tinuing  the  maceration  eight  days 
without  heat,  the  calculi  were  taken 
out,  carefully  dried  on  filtering  paper 
before  a  gentle  fire,  and  then  weighed. 
No.  1,  had  loft  a  grain  and  half,  and 
was  covered  over  in  many  parts  of  it 
with  a  foft,  white,  cretaceous  matter. 
No.  2,  had  loft  only  half  a  grain:  Many 
little  cryftals  fhot  from  its  furface.  No. 

3,  had 
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3,  had  loft  a  grain.  But  it  ftiould  be 
remembered,  that  this  fragment  was 
much  fofter  than,  the  other  two.  The 
lime  employed  in  this  experiment  was 
common  Hone  quick-lime ;  that  ufed 
in  the  former  experiment,  was  brought 
out  of  Derby  (hire,  and  made  of  a  fpe- 
ciesof  marble  containing  a  great  many 
j'liells  in  its  fubftance.  I  was  not  a- 
ware  of  the  difference  of  the  lime,  fill 
after  my  tryals  were  completed. 

These  two  experiments,  I  think, 
fatisfadtorily  prove,  that  foft  water  is 
a  much  more  powerful  diflblvent  of 
quick-lime,  than  hard  water  (i),  at 

the 

(I)  To  afcertain  more  fully  this  important  point, 
1  have  hnce  repeated  the  experiment  above  recited, 
by  immerfing  again  the  fragments  of  the  fame  calcu¬ 
lus,  Nos.  i  and  2,  in  equal  quantities  of  frefh  lime 
water,  prepared  with  diftilled  water,  and  with  hard 
pump  water.  In  twelve  days,  No.  i,  was  entirely 
reduced  to  a  chalky  powder,  whilft  No.  2,  preferred 
its  texture,  to  all  appearance  unchanged. 
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the  fame  time  that  it  covers  and  me¬ 
liorates  the  harfh  tafte  of  that  acrid 
fubftance.  Where  diitilled  water  can¬ 
not  conveniently  be  provided,  rain 
water,  freed  by  filtration  from  its  im¬ 
purities,  may  with  equal  efficacy  be 
fubftituted  in  its  room.  Had  a  diffe¬ 
rent  kind  of  lime  been  employed  in 
the  laft  experiment,  or  had  the  digef- 
tion  been  made  in  a  fand  bath,  it  is 
probable  the  folvent  power  of  each 
menjtruum  would  have  been  encreafed. 
The  little  pointed  cryftallizations, which 
were  obferved  to  fhoot  from  the  frag¬ 
ment  of  calculus  No.  2,  remind  me  of 

a  fimilar  appearance  which  occurred 
in  one  of  the  tryals  of  the  late  Dr. 
Whytt,  and  which  he  informs  us  fur- 
prized  him  greatly.  He  afcribes  them 
to  the  fea  fait  adhering,  even  after 
calcination,  to  the  oyfter-fhells  which 
he  employed  (k).  But  the  Doctor  muff 

have 

(k)  Whytt’s  EiTay  on  Lime  Water,  3d  Edition,  p.  74. 
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have  been  miftaken  in  his  explana¬ 
tion,  as  in  the  experiment  juft  recited, 
common  ftone  quick-lime  alone  was 
ufed,  which  cannot  be  fuppofed  to 
contain  any  fea  fait.  And  the  cryftal- 
lizations  were  perceived  only  in  that 
phial  of  lime  water,  which  had  been 
prepared  with  hard  pump  water. 
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SECTION  III. 


A  comparative  view  of  the  different  proper - 
ties  of  Snow  Water,  Rain  Water, 
Spring  Water,  &c. 

SNOW  WATER:  This  is  laid  by  Mr. 

Boyle  to  be  the  lighted:  of  all  wa¬ 
ters;  and  if  received  upon  the  tops  of 
high  mountains  muft,  one  fhould  con¬ 
ceive,  be  free  from  all  foreign  impreg¬ 
nation.  And  yet  the  fame  accurate  che- 
mi ft  found  on  examination,  that  it  is  not 
entirely  deftitute  of  faltnefs.  But  not- 
withftanding  the  fuperior  purity  of 
fnow  water,  I  Ihould  apprehend,  that 
it  is  not  the  moft  wholefome  liquor 
for  common  drink,  becaufe  its  pro- 
perties  as  a  menjlruum  are  changed  by 
the  congelation  it  hath  undergone. 
For  freezing  certainly  decompofes  wa¬ 
ter,  by  feparating  from  it  a  confidera- 
ble  portion  of  its  fixed  air.  And  that 
this  alters  its  qualities  is  evident  from 

K  the 
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the  following  facts,  i.  Water  when 
freih,  diffolves  a  larger  quantity  of 
fait,  than  when  cxhauftcd  of  its  air. 
2.  Water  faturated  with  any  fait,  when 
placed  in  vacuo  under  the  receiver  of 
an  air  pump,  will  depofit  part  of  its 
folvend.  3.  Snow  water  is  obferved 
not  to  boil  greens  or  peafe  fo  well  as 
common  water.  4.  The  nitrous  acid 
generates  a  much  lefs  degree  of  heat 
with  fnow  water,  than  with  common 
water.  Hippocrates  utterly  condemns 
the  ufe  of  fnow  or  ice  water,  becaufe 
after  congelation  it  never  re-affumes 
its  former  nature;  the  clear,  light,  and 
fweet  part  of  it  being  diffipated,  whilft 
the  moll  turbid  and  heavy  is  left  be¬ 
hind.  And  he  adduces  an  experiment 
in  fupport  of  this  reafoning.  Expofe, 
fays  he,  a  veffel  containing  a  certain 
quantity  of  water  to  the  cold  air  in 
winter  time,  fo  as  that  it  may  be  fro¬ 
zen  hard ;  then  bring  it  into  a  warm 
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place,  where  it  may  thaw ;  and  when 
the  ice  is  diffolved,  meafure  the  water 
again  and  you  will  find  it  evidently 
diminifhed.  But  this  lofs  of  bulk  is 
not  as  Hippocrates  fuppofes,  to  be  af- 
fcribed  to  the  diflipation  of  the  thinner 
and  finer  parts  of  the  water  by  conge¬ 
lation,  but  chiefly  to  the  feparation  of 
the  fixed  air  it  contained ;  and  there¬ 
fore  his  reafon  for  condemning  the 
ufe  of  fnow  water  is  founded  on  a 
falfe  hypothefis.  This  however  does 
not  invalidate  his  objection  to  it,  which 
he  at  firft,  in  all  probability,  deduced 
from  experience,  and  afterwards  at¬ 
tempted  to  explain  and  confirm,  by 
what  now  appears  to  be  miftaken 
theory. 

Ice  Water:  What  has  been  faid  of 
fnow  water  is  equally  applicable  to  ice 
water,  except  that  its  fpecific  gravity 
is  greater,  and  that  it  is  lefs  free  from 

K  2  faline 
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faline  impregnation,  and  confequently 
ftill  lefs  falubrious. 

Rain  Water,  when  collected  in 
clean  veffels,  at  a  diftance  from  large 
towns,  is  light,  foft,  and  wholefome. 
But  as  it  pafles  through  the  atmofphere, 
which  is  a  chaos  of  different  exhala¬ 
tions  from  the  animal,  vegetable,  and 
mineral  kingdoms,  it  mull  wafli  down 
fome  of  thofe  floating,  volatile  parti¬ 
cles,  and  be  impregnated  with  them. 
Hence  rain  will  differ  in  fome  flight 
degree,  according  to  the  feafon  of  the 
year,  as  well  as  the  country  in  which 
it  falls.  That  it  contains  a  quantity  of 
adventitious  matter  is  evident  from  its 
tendency  to  putrefy,  from  the  green 
weed  which  Springs  up  on  its  furface, 
and  from  the  mucilaginous  or  ropy 
fubftance  which  grows  copioufly  on 
it,  and  which  Boerhaave  compares,  on 
viewing  it  through  a  microfcope,  to  a 

grove 
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grove  of  little  mulhrooms.  It  is  ob- 
ferved  alfo,  after  Handing  a  while,  to 
be  full  of  the  ovula  of  different  animal¬ 
cules:  fome  of  which  may  have  been 
carried  down  with  it,  in  its  paffage 
through  the  air,  but  the  greater  num¬ 
ber  are  probably  depolited  in  it,  during 
its  flagnation.  But  although  thefe  cir- 
cumftances  prove,  that  rain  water  is  by 
no  means  an  homogeneous  fluid,  or  free 
from  impurity,  yet  it  is  univerfally  ac¬ 
knowledged  to  be  the  rnoft  falutary  of 
all  other  kinds  of  water.  And  by  perco¬ 
lation  through  fand  or  ftone,  or  by 
boiling  and  decanting,  its  foulnefs 
would  in  a  great  meafure  be  feparated, 
and  it  would  be  rendered  a  grateful, 
potable,  and  very  wholefome  liquor. 
Its  levity  is  fo  great,  that  diftilled  rain 
water  is  not  lighter  than  the  natural, 
as  Boerhaave  affirms  after  weighing 
them  in  the  hydroftatical  ballance. 
Nor  need  we  wonder  at  this,  as 

the 
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the  exhalation  of  aqueous  vapours 
from  the  earth  and  fea,  is  exactly  ana¬ 
logous  to  diftillation;  if  it  be  not  an 
impropriety  to  compare  the  vaft  and 
ftupendous  operations  of  nature,  with 
the  trifling  efforts  of  art.  Hippocrates 
gives  his  teflimony  in  favour  of  rain 
water,  but  directs  that  it  fhould  be 
boiled  or  {trained ;  otherwife  it  has 
an  ill  fmell,  and  occafions  a  hoarfe- 
nefs,  and  deep  voice  in  thofe  who 
drink  it  (1). 

Spring  Water:  This  muft  vary  in 
its  properties  according  to  the  nature 
of  the  foil,  and  the  different  flrata  of 
earth,  through  which  it  pafles.  The 
pureft  is  that  which  flows,  at  no  great 
depth,  through  a  light  gravel,  or  fand. 
Dr.  Hales  mentions  feveral  fprings, 
remarkable  for  their  levity,  and  free¬ 
dom  from  calcareous  impregnation. 

The 

(1)  Hippoc.  de  Aere,  Aquis  et  Loch. 
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The  water,  conveyed  by  pipes  to  Elod- 
fon  inHertfordfhire,  which  rifes  from 
a  gravel,  and  gufhes  out  of  a  fine 
white  fand,  he  informs  us,  left  no  in- 
cruftation  in  a  boiler,  which  had  been 
ufed  fifteen  years.  And  that  of  Comb 
in  Surrey,  a  hill,  the  foil  of  which  is 
gravel  aimoft  to  the  furface,  is  alfo 
uncommonly  light,  foft  and  free  from 
all  adventitious  ingredients.  As  the 
fprings  ififue  from  the  brow  of  the  hill, 
out  of  the  gravel,  the  Dr.  juftly  ob- 
ferves,  that  the  water  mu  ft  partake 
greatly  of  the  nature  of  rain  water; 
fince  the  dew  and  rain  which  fall  on 
that  hill,  receive  probably  no  other  al¬ 
teration  from  percolating  through  the 
gravel,  than  that  of  being  rendered 
more  pure  and  free  from  foulnefs  (m). 
Hippocrates  lays  a  great  ft  refs  upon 
the  choice  of  fprings,  which  have  an 
eaftern  afpecft.  Such  waters,  he  fays, 

are 


(ip)  Vid.  Statical  ElTays,  Vol.  2.  p.  242. 
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are  chiefly  to  be  commended,  that  gufli 
out  towards  the  rifling  of  the  fun ;  be- 

caufe  they  are  clearer,  lighter,  and  of 
a  better  fmell  than  others.  But  I  ap¬ 
prehend  there  is  no  foundation  for 
this  opinion  of  the  father  of  phy- 
fick.  For  water  which  flows  through 
clay,  marie,  black  mould,  or  beds  of 
minerals,  will  be  equally  hard  and 
unwholefome  in  whatever  expoflure  it 
firft  burfts  out.  The  purity  and  falu- 
brity  of:  it  may  however,  with  fluffi- 
cient  accuracy  be  afcertained,  by  its 
levity,  tranfparency,  and  perfecT  in- 
fipidity ;  by  its  mingling  uniformly 
with  xoap,  and  boiling  pulfe  tender. 
And  thefe  are  common  tells,  which  it 
is  in  the  power  of  every  one  to  apply. 

River  Water:  This  is  generally 
much  fofter,  and  better  adapted  to  ce- 
conomical  ufes  than  molt  fpring  wa¬ 
ter.  For  though  rivers  proceed  origi¬ 
nally 
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nally  from  fprings,  yet  by  their  rapid 
motion,  and  by  being  expofed  during 
a  long  courfe,  to  the  influence  of  the 
fun  and  air,  the  earthy  and  metallic 
falts  which  they  contain  are  in  part 
decompofed,  the  volatile  acid  flies  off, 
and  the  terreftrial  or  ochery  particles 
with  which  it  was  combined,  become 
infoluble  and  are  precipitated.  To 
this  it  may  be  added,  that  rivers  are 
alfo  rendered  fofter  by  the  vaft  quantity 
of  rain  water,  which  palling  along 
the  furface  of  the  earth,  is  immediately 
conveyed  into  their  channels.  But  all 
rivers  carry  with  them,  a  great  deal  of 

t 

mud,  filth,  and  other  impurities.  And 
when  they  flow  near  large,  populous, 
and  manufacturing  towns,  they  be¬ 
come  the  receptacles  of  all  the  common 
fewers,  and  are  impregnated  with  an 
heterogeneous  mixture  of  coperas, 
alum,  foap  lyes,  logwood,  and  the  re- 
fufe  of  a  thoufand  other  fubftances,  em- 

L  ployed 
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ployed  in  different  arts.  In  this  ftat£, 
river  water  is  certainly  unfit  for  the 
common  purpofes  of  life.  And  yet  if 
it  be  fuffered  to  remain  a  while  at  reft, 
all  the  feculencies  will  fubfide,  and 
the  water  will  become  fufficiently  pure 
grateful,  and  potable. 

Stagnant  Waters:  Thefe  of  all 

... 

others  are  the  moft  impure  and  infa- 
hibrious.  Hippocrates  alferts  that  they 
enlarge  and  obilruct  the  fpleen;  and 
his  observation  is  almoft  daily  corn- 
firmed,  by  the  difledtion  of  thofe  who 
die  of  the  Scurvy;  a  difeafe  which  pu¬ 
trid,  Stagnant  water  hath  a  powerful 
tendency  to  produce.  Dr.  Hoffman,  by 
means  of  a  glafs  water  poife  divided 
by  lines,  examined  hydroftatically  fe- 
veral  different  kinds  of  water.  Rain 
water  he  found  the  lighted: ;  river  wa¬ 
ter  was  one  line  heavier;  the  water 
commonly  ufed  at  Hall,  in  Saxony, 
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was  heavier  by  two  lines;  the  fpring 
water  of  the  fame  place  was  four  lines 
heavier;  that  of  a  particular  fpring 
was  fix  lines  heavier;  and  water  which 
had  been  long  kept  in  an  open  veffel, 
in  a  cellar,  was  fix  lines  and  a  half; 
but  ftagnant  water,  drawn  out  of  the 
town  ditch  at  Hall,  was  feven  lines 
heavier  than  rain  water  (n). 

I  fhall  conclude  this  Efifay  with  the 
following  obfervations  of  Celfus,  which 
in  many  refpedls  coincide  with  what 
has  been  advanced.  Aqua  levifima  plu- 
viatilis  eft',  deinde  font  ana,  turn  ex  famine 
turn  ex  put eo\  poft  h<%c  ex  nive  aut  glacie . 
gravior  his  ex  lacu ;  graviftima  ex  paluae . 
Facilis  etiam  et  necefaria  cognitio  ef  naturam 
efs  requirentibus.  Nam  levis  pondere  appa - 
ret ,  &  ex  his  quee  pondere  pares  funt ,  eo  me - 
liar  queeque  eft,  quo  celerius  et  c  a  left  &  fri - 
gefeit,  quoque  celerius  ex  ea  legumina  perco - 
quuntur  (o). 

L  2  A 

(n)  Vid.  Hoffmann  Obf.  Chem.  p.  140. 

(o)  Celfus  Lib.  2.  Cap.  18. 
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A  recapitulation  of  the  principal  facts  afcer- 
tained  by  the  preceding  Experiments . 

i .  rT^HE  Manciiefter  pump  water  is 
it  in  general  very  hard  and  im¬ 
pure*  It  is  impregnated  with  a  large 
quantity  of  felenite,  and  contains  alfo 
no  inconflderable  proportion  of  alum* 

2.  The  harddl  water  will  become 
foft  and  mifcible  with  foap,  by  the 
addition  of  fait  of  tartar*  But  fuch  a 
quantity  of  the  vegetable  alkali  is  re¬ 
quired,  to  produce  this  effect  on  the 
Manciiefter  pump  water,  as  renders  it 
offenfive  to  the  palate,  and  unfit  for 
common  ufe» 

3*  Hard  water  is  confiderably  foft- 
ened  by  boiling,  contrary  to  the  opi¬ 
nion  of  Dr.  Heberden.  For  though 
heat  generally  increafes  the  diflblving 

.  power 
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power  of  any  menfiruum ,  at  the  fame 
time  it  tends,  in  many  inftances,  to 
deftroy  the  texture,  and  difunite  the 
component  parts  of  the  folvend.  Thus 
the  grofler  falts  contained  in  hard  wa¬ 
ter  are  decompofed  by  the  boiling 
heat :  The  volatile  vitriolic  or  muriatic 
acids  fly  off,  leaving  behind  them  an 
indifloluble,  petrifying  earth,  which 
fubfldes  to  the  bottom,  and  incrufts 
the  veflfel.  But  the  codlion  fliould  be 
continued  fifteen  or  twenty  minutes, 
to  produce  its  full  effecSh 

i  • 

4.  Hard  water  is  foftened  by  being 

filtered  through  ftone.  And  if  it  were 

\r 

firft  boiled  a  fuflicient  length  of  time, 
and  then  filtered,  it  would  be  render¬ 
ed  tolerably  pure,  potable,  and  falu- 
tary,  and  at  the  fame  time  much  bet¬ 
ter  adapted  to  a  variety  of  culinary 
ufes. 


5.  Mr. 
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5.  Mr.  Boyle  afferts,  that  fome  pump 
waters,  by  expofure  to  the  fun  and 
air  for  a  few  days,  will  become 
foft  enough  to  be  mifcible  with  foap. 
But  this  is  not  the  cafe  with  the  hard 
water  of  Manchefter. 

6.  Neither  malt  nor  tea  produce 
any  foftening  effect,  on  the  hard  wa¬ 
ter  in  which  they  are  infufed.  Nor 
does  fermentation  improve  or  alter  its 
nature.  So  that  the  wholefomenefs  of 
malt  liquors,  muft  greatly  depend 
upon  the  purity  of  the  water,  which 
is  employed  in  their  preparation. 

7.  Bricks  harden  the  fofteft  water, 
and  give  it  an  aluminous  impregna¬ 
tion.  The  practice  of  lining  wells 
with  them,  which  is  common  in  ma¬ 
ny  places,  is  therefore  very  improper. 
Free-flone  communicates  no  pernici¬ 
ous  qualities  to  water. 


8.  Though 
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8.  Though  by  the  tables  of  elec¬ 
tive  attractions  it  appears,  that  the 
acid  of  vitriol  hath  a  ftronger  affinity 
to  lead,  than  to  the  earth  of  alum,  yet 
this  metal  does  not  feem  to  be  foluble 
in  aluminous  waters. 

9.  Soft  water,  and  efpecially  diftil- 
led  water,  acts  far  more  powerfully  as 
a  menjiruum  on  vegetable  bitters  and 
aftringents,  than  hard  pump  water. 
And  it  diffolves  refinous  bodies  with¬ 
out  any  medium,  or  at  leaf!  with  a 
much  fmaller  proportion  of  mucilage 
of  gum  arabic,  than  is  commonly 
employed. 

10.  Hard,  aluminous  waters  are 
likely  to  fucceed  belt  in  the  dying  of 
black,  and  in  the  preparation  of  ink. 

11.  Soft  water  is  a  much  more 
powerful  dillolvent  of  quick-lime, 

than 
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than  hard  water;  at  the  fame  time 
that  it  covers  and  improves  the  harfh 
tafte  of  that  acrid  fubftance.  The 
fragment  of  a  human  calculus  was 
entirely  reduced  to  a  chalky  powder, 
by  being  immerfed  twelve  days  in 
lime  water,  prepared  with  diftilled 
water;  whereas  another  fragment  of 
the  fame  calculus  fuffered  no  vilible 
change  in  its  texture,  by  being  mace¬ 
rated  an  equal  length  of  time  in  lime 
water,  made  with  common  pump 
water. 

12.  In  nephritic  cafes,  diftilled  wa¬ 
ter  would  be  a  good  fubftitute  for 
Malvern-water ;  for  it  is  a  powerful 
folvent  of  the  human  calculus. 

FINIS. 
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